
[Al, you can do a one-for-one replacement of “Web” and “IPG”.]

Weseekto understandthekindsof informationNASA workersshare,thesocialandmethodolog-
ical frameworksthey prefer, how this informationis managedandpresented,andthevariousroles
desktoptoolsandautomatedagentswill assumein distributed,collaborative activity. We needto
develop information technologiesthat increaseteamwork, comprehension,and efficacy, while
reducingmiscommunication,error, and loss of information. Interfacing with NASA staff will
enablean understandingof the daily activities andhow they canbe supportedeffectively with
informationtechnologyapplications.Eachentity (humanor machine)within adomainis apoten-
tial sourceof informationandknowledge.Intelligentagentscanprovide assistanceto peoplein a
collaborative environment.

We recognizethat theWorld Wide Webis beingextendedinto space.An examplewascollecting
real-timeinformationfrom theLunarProspectoranddisseminatingit ontotheWeb. Communica-
tion andmanagementof heterogeneous(andpossiblymassive) informationsourcesareessential.
Tools will be neededto enableground-spaceteamsto coordinateactivities, in part, throughthe
computingmediumusing existing NASA tools mentionedabove. On-boardmassstorageand
space-grounddatalinks will allow NASA to leveragetheWebin space.This will make possible
web-basedcollaborative systemsdesign,groupware,work systemssimulation,informationtech-
nologies,informationvisualization,intelligent agents,dataandinformationanalysistechniques,
knowledge-based systems, and more.

In essence,puttinga spacecraftsuchastheshuttleor a spaceprobeon thewebmakescommuni-
cationwith thatspacecraftastransparentaslaunchingawebbrowser. All of thetechnologyof the
web is thenavailableto querythe healthandstatusof the spacecraft,view datafrom its instru-
ments in real time, interact with its systems or astronauts, or perform command and control.

Researcherscontinuallyseeknew waysto leverageinformationtechnology(IT) to improve the
productivity andquality of their work. Numericalcomputation,computercontrolof instruments,
datavisualization,massivedatastorage,digital communication,andevendesktoppublishinghave
eachenabledmajor improvementsin the conductof research.A new technologyis emerging to
advancethe useof IT for researchto the next level: comprehensive, domain-specific,remote-
access,collaborative researchenvironmentshereaftercalled integratedsynthesisenvironments
(ISEs). ISEs will provide a meansfor researchersto finally integrateand automateall of the
researchactivities listedabove in a seamlessenvironment,while hiding thevastamountof data,
software,andinteractionswhich arenot of interestto them.Perhapsthemostimportantgoal for
the IPG is to enable the creation and continual enhancement of ISEs as well their ubiquitous use.

Micro-SpacecraftSwarm. We proposea “swarm” of perhapsten thousandtiny spacecraft,each
on the orderof a kilogram in mass,being launchedfrom Earth to arrangethemselves in a grid
orbiting the Sun.Thesecraft would be in constantcontactwith their immediateneighbors,and
throughthisnetwork, everyspacecraftwouldbein contactwith Earth.Themicrospacecraftwould
cooperatein performinga few well-definedfunctions:searchingfor andtrackingEarth-threaten-
ing asteroids,detectingandquantifyinganomaloussolaractivity, detectingandfilling in vacant
swarm observation posts,andrelayingthis information throughthe swarm network to Earth.It
would be impossiblefor any Earth-basedsystemto adequatelycontrol theswarmdueto thevast



numbers,thecommunicationdelay, the locationof partof theswarmon theoppositesideof the
Sunfrom Earth,andtheneedfor differentpartsof theswarmto formulaterapidandcooperative
responses.

Graphic:Show themicrospacecraftswarmin agrid (yellow interconnectionlinessignifyingcom-
municationwith nearestneighbors)aroundthesun.Thegrid fadesinto thedistanceonthefarside
of theSun.TheEarthcanbeseenfarawayand90degreesaroundtheSun,andis oneof thenodes
on the grid. In the foreground,several microcraftdeterminethe trajectoryof a hurtling asteroid
(show wavessentout from microcraftandbouncingoff asteroid).On thesideof theSunopposite
Earth, several microcraft monitor a huge solar flare.


